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August 31, 1988

Ms. Ruth Rzepski
Enforcement Project Manager
U.S. EPA, Region III

841 Chestnut Street
Philadelphia, PA 19107

Dear Ms. Rzepski:

The purpose of this letter is.to respond to your request for technical
assistance and expert opinions as l:ﬂ ‘possible degradation processes which can
occur at the AVTEX Fibers site. Drs, Jackson Ellington and James Martin reviewed
the Remedial Investigation Report as well as the July 28, 1988 Memorandunm from
M.C. Ruth, Geraghty and Miller, Inc., to Avtex l"ibers regarding clean-up

" eriteria. In addition, they attended, at your request in a letter dats August
18, the August 19 meeting at your office with the Responsible Parties. Their
suggestions and/or concerns are provided in the attached document,

C I hope that you find the {nformation useful, If there is any other
\_/‘ assistance that the Center can provide, please contact us.

. Sinccrly yours, | o
Robert B. Ambtose. Jr., B.E.

Manager, Center for Exposure Asseument
M deling

" Enclosure !

ce: J. Ellington
J. Martin

_ ;:52' - nR304199



Preliminary Evaluation of Degradation
Pathways at the Avtex Fibers, Front Royal Site

Drs. Jackson Ellington and James Martin, P.E.
USEPA Center for Exposure Assessment Modeling
Athens, GA

Based on the preliminary evaluation of: the available sections of the Remedial
Investigation Report (Sections 3.0-6.0); the two July 28, 1988 Memorandums from
M.C. Ruth, Geraghty and Miller, Inc., to Avtex Fibers regarding clean-up criteria
and hydrolysis reactions; and, the August 19 meeting at your office with the
Responsible Parties, we offer the following concerns and/or suggestions:

I._Degradation:
1.0. Kinetic Analysis,

1.1 The Remedial Investigation Report (RI), Section 5.0, contained a kinetic
analysis based upon measured concentrations of CS, i{n viscose basins 1,2,7,9, 10
and 11 and their known periods of disposal (Table 5.1). These data were used
to estimate a degradation rate of 0.33 year™, indicating that the CS, in the
bDasins would degrade with a half-1ife of approximately 2.1 years. The rates wers
then used to estimate maximum CS, concentrations in sach of the basins following
a period of S and 10 years, as described in the RI and the July 28, 1988
Memorandum from M.C. Ruth, Geraghty and Miller, Inc., to Avtex Fibers regarding
clean-up criteria.

1.2. The approach described would seem reasonabls in that it would provide an
indication of the rate of degradation, irrespective of the degradation processes.
However, the data used in the study are not considered to be sufficient to
support such a, calculacion for the following reasons:

a. The mothod should be appliad to the degradation of the total mass of
materials in the basins rather than conentrations. The limited data available
suggests strong vartical gradients in CS; concentrations in each of the basins,
1f these gradients were well characterized, the total mass of material in the
basins could be calculated by integrating the spatially varying concentrations
over depth. However, the limited number of samples are insufficient to
characterize these gradients or allow this calculation. Therefors, the mass of
CS; and other materials present in the basins remain unknown,

b. Data from section 3.0 of the RI suggests that horizontal gradients may
also be expected. The covered basins are despest and most highly saturated near
their center. The RI suggests. that the extent of the basins in the horizontal
may be larger than indicated in plant diagrams and that some material may have
moved to shallow deposits outside of the basin boundaries. No information is
available to estimate the near surface horizontal variability of CS; and other
contaninants.

¢. The concentrations of CS; on which the calculations wers based wers
taken at differing depths in the basins with respect to the vilcoshxia‘ulz 0
Samples wers compared which were within ths viscoss materials, or B
transition between the viscose materials and the underlying substrate or the

.
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overlying cap for the covered basins. Therefora the observed concentrati.ons may
be required in order to quantitate the contaminant mass.

1.3. It wvould be suggested that further clarification be obtained as to the
rationale for selecting the sampling locations and why more extensive sampling
of the cores was not conducted to quantitate vertical profiles. Perhaps if the
cores are preserved additional.quantitation may 'still be possible for some
materials. Where this fs not possible, it is suggested that further sampling
- may be required in order to quanti.tute the contaminant mass,

1.4, The apparent profiles tuggelt: tha: considerable lpntlul variation may be
expected in the degradation rates. . For example, variations in pH and temperature
‘with depth would impact hydrolysit rutu, while near surface transport will
a.ffocr. volatilization rates. .

1.5. The CS; mass, 1f accurauly detemimd may serve only as an indication of
the extent of degradatfon. The CS; probably does not represent a distinct mass
placed in the basin which degrades over time, but a reaction product. The
primary source of CS, in .the basins is believed to be the decomposition of
cellulose xanthates, Conversely: canulou xanthate 1is rogenerated by the
presence of cs, in the viscose. .. .. :

1.5.1. The mass of CS, pruon: nay only represent a fraction of the total wass
that may be produced during the decompoai.tion of the xanthates.

1.5.2. 1f other ‘processes, luch u hydrolysi- are as fast as tha current
literature seems to indicate, it may be possible that the CS; measured
analytically may have been that produced by xanthate decomposition during the
purge and trap analysis of the samples rather than the amount actually present
in aitu. )

1.6. Not only the rate of yemoval but the removal processes themsalves should
probably receive attention. For example, if hydrolysis controls, sulfides may
" be produced which may affect metals mobility. 1If volatilization is e wmajor
removal processes, then atmospheric. loading may be of concern. GSome possible
pathways are discussed in the following sections. '

\

2.0. [Flushing.

~ 2.1, In their July, 1988 Hemoundm. 1!: was suggnted that t:he near surface
renmoval of CS; from basin 10 tonwing dawatering vas ponibly due to flushing
cction by rainwater. o

2.2. The flushing of CS; from the negr lurfccc layer is a pouiblo mechanisz of

removal., However, other processes, such as volatilization, may bs occurring.

" The identification of the dominant loss mechanism may be of mportmcc in
_evaluating exposure pat:hways., Do mh

2.3. Some flushlng 18 sllo cxpectcd t:o occur through the bnins and into the
groundwater. For the closed basins the RI (section 3.0) 1indicated th R:?"‘ [;20 \
permeability of the cap is greater than of materials adjacent to the basi

that the caps slops towards their centers and capture rainfall. Further, the

viscose has a permeability which increases fluid accumulation during periods of
rainfall, Similarly, for the uncoversd basine, the large void spaces which were



characterized for the viscose solids should allow leaching of materials to the y
aquifer. The extent of the contanination in the water table appears to be well \ )
characterized in the RI,
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3.0 Volatilizatiog. | S

3.1. Volatilization may be a major pathway for contaminant removal, both from
the basins and during the dewatsring process. Volatilization will act both as
a source of removal of CS; from the basins and a source of contsmination to the
atmosphere. Atmospheric loading is expected to occur during the dewatering
process as well as from the undisturbed basins.

3.2, Volatilization from the material removed during dewatsring would bs expected
to be rapid. For atmospheric loading,  a conservative estimate of the releases
to the atmosphere may be obtained by assuming that the water removed is saturated
with CS; and that it is imrediately volatilized., At a pumping rate of 50 gpa,
this would result in a flux to the atmosphers of approximatsly 73 lb/hr. If
actual dissolved concentrations are less then the loading would be
proportionately reduced.

3.2.1, The 73 1b/hr is considerably less than that stated to be normally released
from the manufacturing process (5000 1b/hr), and from that perspective may be
considered a minor source. However, it is not shown that the 5000 1lb/hr is
inconsequential. Additionally, the dewatering is expected to result in a source
at ground level, while the releases from ths plant may occur from a stack located
some distance from ground level, Therefore, it may be appropriate to consider
the source of dewatering and its consequences independent of other sources.

3.2.2. The argument that only company employees and theitr contractors will be
exposed to the contamination should be considerad in the context of EPA
regulations,

3.2.3, In addi.t:l\on. the spatial extent of the atmospheric effacts ars not known.
Some estimates of the extent of atmospheric effects could probably bes made using
available modeling techniques. In order to determine the appropriate techniques
it oust first be decided if long or short term effects are critical. For
example, atmospheric instabilities may be more of an issus if the short tera
effects of exposures are considered.

3.2.4. 1t should be encouraged atmospheric concentrations of contaminants be
monitored during the dewatering process, as well as concentrations in the removed
water at several steps within its treatment process., Plans should also ba made
to deterains concentrations in the basins befors and following dewatering, if
possible, in oxdar to estimate its effects,

3.2.5. Releases of other nmaterials may bs expectsd during dewatering. For
exazple, metals in the viscoss materials ars possibly bound as insolublse
sulfides, However, when the anaerobic conditions and pH is changed, such as
during dewatering or groundwater leaching, ths metals may be relessed.

3.3, Volatilization froa the basins is also expected to bs a loss eﬁhsnl m
However, the loss rats is expected to be limited by transport 1n A ﬂilz 0 2
rather than by the gas layors. N 4
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3.3.1. For example, for the liquid layer the volatilization rate may be on the
order of 0.1 m/day, which for a 10 £t (3.05 m) deep water layer would result in
a degradation with a half-l1ife on the order of 21 days. The rate for lower
layers would be expected to be less due to the decreased transport rates,
However, for.the near surface after compaction, volatilization may be rapid.

3.3.2. Volatilization could contribute to the apparent vertical gradations in
concentrations, if these concentrations are considered rsalistic. The RI report
indicates that the cover material is more porous than the surrounding solids
and that the waste viscose solids is characterized by a solid matrix with large
void spaces capable of holding hrga volumes, This would not preclude
volatilization from being a major loss mechanism.

4.0. Blodegradation.

4.1. The material in the basin lay dagrade because of biological activity.
However, the extremes of pH would indicate that bilological sctivity would
be localized with the greatest &ctivity occurring as the pH approaches 7.
The least activity would be cxpoccod near the bottom of the pits where the
PH approaches 11. . , ‘

4.2, Biological actlv:l.tj my?be{’iﬁéiéited.by a reduction in the lengths of

polymer chains over time. Biological activity can also be varified by simply
exanining the wastes for the presence of bacteria and then determining Lf those
bacteria are able to degrade the major waste components and determine the rates
of degradation., This analysis should be done with samples at varying depths of
the basins. If organisms are found, it would be reasonable to assume that the
activities could be enhanced to dagrud.a ‘the waste, possibly to biomass plus CO;.

The older ponds would be expected to have the greatest microbial activity.

Organisms from the older ponds could be used to inoculate the more recent ponds.

The ERL-Athens has an on-going bioremed{ation resesarch effort which could be
utilized to assess s potential biotreatment strategy. The ERL-Athens also has
& microblological fate program which can be accessed to determine the natural

- degradation rates within the ponds. ‘These programs could be accessed in order

to complete the work, or to assist.in the design and review of such studies,

\

5 1. Under hydrolysis, two leparate reactions are important: (1) pH 'i.'ndependent
decomposition of cellulose xanthate und (2) reaction of carbon disulfide with
hydroxide {on.

a. In viscose, carbon disulfide will be formed by the pH independent
decomposition of the cellulose xanthate. Part of the carbon disulfide
will react with the cellulosic material to reform cellulose xanthate
with the balance consumed by reaction with hydroxide fon. The
decomposition rate of ccllulose xanthate would be dependent on
temperature, :

- b. The reaction of carbon disulﬂde vit:h hydroxida fon is describcd&? &Q h 203

following equations:



C8y + OH"  C5,0H" (5,0 + H' (5.1)

C3,0° + 2H* H,C5,0 COS + H,8 (5.2
Rapld

cOS + 30W SH™ + COy~ + HO {5.3)

C8; + SH™ --> HCS,”  CSy° + HY (5.5)
Rapid

CSy + 8,0° CS," + CO8 (5.5)

Equation 3.1 (formation of dithiocarbonate) is essumed to be rate-
determining. Half-lifes for carben dlsulfids of 0.96, 0.48 and 0.22
hours at pHs 9, 10 and 11 respectively wers calculatad froa the
report of Cbadebo and Carmichasl (

170-1771) en hydroxide fon mediated hydrolysis at 20°C in aquous
buffer, :

$.2. Considering only a and b above for carbon disulfide te build up te
oeasursable quantities, ths decomposition velocity of cellulose xanthate would
sxcead the reaction rats of carbon disulfida with hydroxids fon. This would
yleld an even shorter half-life for c¢elluless xanthate than carbon disulfide.

Several axplanations for the persistencs of carbon disulfida in the viscose
basine include:

a. Somsthing in the vheﬁn basin retaxda the reactiom of caxbon disulfide ‘
with hydrexide fon. N

b. The carbon disulfide asasured analytically was prodoced by xanthate
decomposition during the purge and trap analysis of the sanples?

I1. Bscouzendationg

It 1s our opinion that the devatering processes could proceed if monitoring is
conducted as recommendad sbove.  Tha additional concarms asxpressed can be
addrsssed during and folloving devatering. . However, it is recommendsd that
additional monitoring, laboratery, and perhaps modeling work bes doma in ordar
te further characterizs the matsrials, their degradation processss and rates,
exposurs pathwvays and their assoclated envirormental risk.

The RI and this summary concentrated primarily on C3;. The concentrations,
tenoval pachvays, and effects of other materials require additional
investigation. The materials includs metals, phenols, and possibly soma
satarials such as sodium which in some plsces conatituted nearly 10 percent of
the vaste mass. *
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